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Abstract. Everywhere you look, there is someone talking about global warming or the
environment. Currently, there is a lot of hype about the ethanol industry. People are genuinely
interested in the environment, perhaps more than ever before. Therefore, I decided to write this
paper on the carbon farming and how farmers can capture the economic benefit of sequestering
carbon. I will explain the importance of carbon sequestration, what a cap-and-trade policy is, the
ability for agriculture to help out, ways in which the farmer can help out, and how offsets can be
provided by the newly created Chicago Climate Exchange (CCX).
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Abstract
Every where you look, there is someone talking about global warming or the
environment. Currently, there is a lot of hype about the ethanol industry. People are genuinely
interested in the environment, perhaps more than ever before. Therefore, I decided to write this
paper on the carbon farming and how farmers can capture the economic benefit of sequestering
carbon. I will explain the importance of carbon sequestration, what a cap-and-trade policy is, the
ability for agriculture to help out, ways in which the farmer can help out, and how offsets can be
provided by the newly created Chicago Climate Exchange (CCX).

What is carbon sequestration?
According to www.americanbirding.org, carbon sequestration is capturing atmospheric
carbon (carbon dioxide) and storing it by one of several mechanisms to reduce this greenhouse
gas and its contribution to global warming. Carbon may be stored in living (green vegetation and
forests) or non-living reservoirs (soil, geologic formations, oceans, wood products). For the
purposes of this paper, we will concentrate on the soil as a non-living reservoir.
Soil carbon is what makes the soil a living ecosystem. Soil carbon is important because:
1. Improves soil structure and tilth.
2. Reduces soil erosion
3. Increases plant available water
4. Stores plant nutrients
5. Provides energy for soil fauna
6. Purifies water
7. Denatures pollutants
8. Increases biodiversity
9. Improves crop/biomass yields
10. Moderates climate (Lal)
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Carbon sequestration is important for a number of reasons. One is that there currently are
not any non-carbon fuel sources. We are constantly burning fossil fuels to carry out our daily
jobs. Additionally, there is a need to stabilize atmospheric abundance of CO2. Also, we must
restore or improve ecosystem services. Finally, global food security is a concern. Carbon
sequestration will help our food supply to be more efficient in what we produce and be able to
continue to feed, fuel and clothe the world (Lal).
All plants on this earth utilize CO2 from the atmosphere in photosynthesis to grow. The
carbon cycle is shown in Figure 1. Cultivated plants such as corn and soybeans are harvested
and their plant residues are left behind. These residues become part of a sink which stores
atmospheric carbon. Soil sequestration actually occurs when residues become broken down by
microorganisms and turned into humus.
There are a number of carbon sinks in the world. Marine sediments and sedimentary
rocks consist of the largest sink and have 66,000,000-100,000,000 billion metric tons of carbon
stored. The ocean has estimated stores of 38-40,000 billion metric tons of carbon stored. Soil
organic matter only consists of 1500-1600 billion metric tons. In comparison, fossil fuel reserves
total bout 4,000 billion metric tons of carbon. The atmosphere only has about 770 billion metric
tons of carbon (Hobbish),

Cap-and-Trade Policy
Cap-and-trade is a policy set forth by the Kyoto Protocol, of which the United States was
not a part of. The European Union does have such a policy in place. This policy sets a “cap” on
the amount of emissions that a specific business can produce. In this instance, the product is
CO2. This “cap” will be set at a rate lower than their current emissions. Additionally,
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businesses can trade pollution credits between each other. This allows the marketplace to assign
a cost to polluting and allow businesses that can more cheaply reduce emissions to capitalize on
that advantage. The key advantage in this system is that it gives businesses flexibility in the way
that they meet their emissions requirements.
Please refer to Figure 8 for an example of this system in practice. Consider there are two
power plants, A and B. Plant A emits 600 tons of CO2 per year and Plant B emits 400 tons of
CO2 per year, for a combined total of 1,000 tons of CO2 per year. An environmental agency
establishes a cap of 700 tons of CO2 per year, a 30% reduction.
Under a traditional approach (as shown on the left of Figure 8), both plants would be
required to both reduce emissions by 30%. Consider that it costs Plant A an average of $50 per
ton and it costs Plant B $25 per ton to meet these reductions. Plant A would be required to
reduce emissions by 180 tons and Plant B would have to reduce emissions by 120 tons of CO2.
This would come to a total cost of $12,000 to meet these requirements.
Under a cap-and-trade system, each plant will seek the lowest cost way to reduce their
emissions to the required levels. Plant B is able to reduce emissions at a much lower cost than
that of Plant A, so it can sell permits to Plant A to capitalize on this advantage. If Plant B
reduces emissions by 200 tons, which is 80 tons more than is required, it can sell the extra credits
to Plant A. This will allow both plants to meet the requirements of the cap. This would come to
a total cost of $9,000 per year to meet the emissions requirements.
This cap-and-trade policy is utilized in the European Union. There is a carbon trading
market called the European Climate Exchange. In the United States, there is the Chicago
Climate Exchange. Both markets trade carbon credits to meet requirements of emissions. On
the European Climate Exchange, carbon is trading for about $40 U.S. per metric ton of CO2
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equivalent. In the Chicago Climate Exchange, carbon is only trading for about $6 per metric ton
of CO2 equivalent. This can be attributed to the cap-and-trade policy implemented there. This
system could also be implemented in the United States to help reduce emissions.

How can carbon be sequestered in agriculture?
Carbon is sequestered naturally in agriculture. When a plant grows, it utilizes carbon in
the form of CO2 for photosynthesis. Traditional tillage tears up the soil and exposes humus to
oxygen and the sun, which destroys organic carbon and releases carbon dioxide into the
atmosphere. On a worldwide basis, from the time agriculture began, almost 80 million tons of
carbon of been released from the soil. Up until the late 1950s, tillage especially plowing,
released more CO2 into the atmosphere than all the burning of fossil fuels in history (Hofstrand).
Agricultural activities can serve as both a source and a sink for greenhouse gases.
Practically, there are three areas in farm management that can affect carbon sequestration. They
are tillage, cropping intensity, and fertilization.
Soil carbon and tillage are inversely related. The more tillage that occurs, the less soil
carbon there will be sequestered in the soil, and vice versa. That is where no-till and
conservation tillage practices come into play. No-till systems help to build soil organic matter,
which is about 58 percent carbon.
Best Management Practices (BMPs) also come into play here. Best Management
Practices include things such as cover crops, conservation tillage, buffer strips, selective
harvesting, and grass planting. These practices ensure sustainable yields while also looking out
to protect soil and water resources. Consequently, these also help in offsetting greenhouse gas
emissions.
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Cropping intensity and soil carbon are directly related. The more frequent the cropping
and greater the biomass inputs, the more soil carbon that will be sequestered. If there is fallow at
any time during the year, this will reduce the cropping intensity and the inputs.
Additionally, fertilization affects soil carbon. This mostly is through crop biomass. If
there is more fertilizer applied, more that will be left in the residue when the plant is harvested.
The carbon to nitrogen ratio that results in stable organic matter is typically in a range of 8-10:1.
The nitrogen is essential for the microbial degradation of crop residues. Without it, little carbon
may be sequestered.

Best Management Practices (BMPs)
Best management practices (BMPs) are methods by which farmers can help to do their
part in order to conserve the environment. Most of these practices are not new, but have been
around for a long time. There are pictures of some of the BMPs in the additional information
section (Images 1-6). These Best Management Practices also allow for the sequestering of
carbon in the soil.
Conservation tillage is one of these practices which can range from no-tillage to moderate
tilling. Conservation tillage leaves at least 30% of crop residue on the ground to cover the soil
(Purdue).This is a simple, low cost method to reduce soil erosion and improve soil quality over
time. As you can see in Figure 2, conservation tillage has the potential to sequester about 250
lbs/acre/yr of carbon!
Conservation and no-till provide benefits such as more soil retention, less runoff, better
cover, cleaner water, better stands, increased yield, and cleaner air. This practice also costs
much less than conventional tillage systems. According to Merle Holle, a farmer in Marysville,
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KS, no-till farming has an average savings of about $21/acre over that of conventional tillage.
The economics of the two systems is diagramed in Figure 3.
Grassed waterways, terraces, contour farming, and wind breaks are also practices that can
help to reduce soil erosion and improve soil quality. Grassed waterways help to reduce water
erosion by being placed in natural waterways. This also reduced chemical runoffs. Terraces and
contour farming are used hand in hand to reduce water erosion on steep hills. Wind breaks are
placed to reduce wind erosion, especially in soils prone to wind erosion.
Using cover crops is also a great way to reduce soil erosion. When using a winter cover
crop, this practice can help sequester about 120 lbs/acre/yr of carbon. This is also a very
significant practice!
Other practices that promote the sequestering of carbon include soil fertility management,
eliminating summer fallow, using forages in a rotation with conventional crops, using improved
varieties, using organic amendments and fertilizers, and managing irrigation.
For grassland areas including rangeland in the sandhills of Nebraska, there are best
management practices that can help to efficiency and carbon sequestration. Grazing
management including rotational grazing is crucial to maintaining diversity of plant species and
maintaining a healthy and efficient soil structure. Grazing management is especially important
in the sandhills because the soil can be easily disturbed if they are overgrazed. Then, it takes a
long time to rebuild the plant community so that it is healthy and efficient again. Pastures can
also be fertilized to improve the efficiency of the plants present.
All of these practices help to minimize disturbance on the soil, maintain residue mulch,
create positive nutrient balance, conserve soil and water, and promote carbon sequestration.
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These practices contribute to overall soil health and help make the land more efficient by
promoting storage of soil carbon and reducing soil degradation.

How much carbon can be sequestered in agriculture?
In the United States, we are lucky to have a large agricultural base. About 40 percent of
the land in the United States is used for agriculture of some form, including livestock grazing.
This includes 431.1 million acres of cropland, 396.9 million acres of pasture, and 71.5 million
acres of forests (Nation’s Encyclopedia). All of this land could be used for carbon sequestration
if it were managed properly. In the United States, 83-270 million metric tons of carbon could be
sequestered by applying best management practices. This would be about 650 million metric
tons of CO2. This would offset up to 11% of U.S. greenhouse gas emissions annually. Of this
amount, cropland accounts for 41%, grazing land 24%, and forest lands 36% (Glasener).
From the cropland portion, 72 million metric tons of carbon could be stored. Fiftypercent of this would be attributed to conservation tillage and surface residue management, 25%
would be attributed to the adoption of improved cropping systems, 6% would be associated with
supplemental irrigation, with the remainder being other management type practices (Glasener).

Chicago Climate Exchange (CCX)
The Chicago Climate Exchange was launched in 2003 and is North America’s first active
voluntary trading system poised at reducing emissions of all six major greenhouse gases with
offset projects worldwide. CCX is unique in that it is attempting to gain a worldwide approach
to offsetting carbon emissions.
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CCX emitting members make a voluntary but legally binding commitment to meet annual
greenhouse gas emissions targets. Because there is no cap-and-trade policy in the United States,
this trading system is only voluntary at this time. If members shoot under their target, they will
have the opportunity to sell extra credits on CCX. If they are over their target, they will have to
buy the credits on the CCX from offsetting producers. Emissions reductions are regulated by a
third-party enterprise called the Financial Industry Regulatory Authority (FINRA) that ensures
that all paperwork is completed and in order..
There is only one commodity traded on the CCX, the CFI Contract. Each CFI Contract
consists of 100 metric tons of CO2 equivalent. Contracts consist of Exchange Allowances and
Exchange Offsets. Exchange Allowances are issued to emitting Members in accordance with
their emission baseline and the CCX Emission Reduction Schedule. Exchange Offsets are
generated by qualifying offset projects.
According the Chicago Climate Exchange website:
Goals of CCX:
¾ To facilitate the transaction of GHG allowance trading with price transparency, design
excellence and environmental integrity
¾ To build the skills and institutions needed to cost-effectively manage GHGs
¾ To facilitate capacity-building in both public and private sectors to facilitate GHG
mitigation
¾ To strengthen the intellectual framework required for cost effective and valid GHG
reduction
¾ To help inform the public debate on managing the risk of global climate change
The Chicago Climate Exchange is real and is growing in popularity and price. The daily
volume and price closings are shown in Figure 4. The price has traditionally been between $2$4/contract, but is now selling at record highs at about $6 per contract. Volume is also picking
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up and at all time highs. The daily volume since January 2007 has averaged in excess of 100,000
metric tons. The market is continuing to gain momentum, and this market is only on a voluntary
basis. It will be interesting to see how this will change in the future.

How can farmers become certified for the CCX?
Producers who engage in continuous conservation tillage in eligible regions of the United
States are eligible for the program as an offset producer. Farmers will have the opportunity to
receive carbon credits for those practices that they adopt. They have the opportunity to contract
with CCX aggregators for conservation tillage on specified acres. The United States and
specified regions in Canada are divided into nine zones (A-H). The map dividing the zones is
shown in Figure 5. There is also a listing on the CCX website concerning specific counties and
states and which zone they will be assessed. Boone County, Nebraska is where my hometown
area is located and is considered to be in Zone A.
In Zone A, Exchange Soil Offsets (XSOs) will be earned at a rate of 0.6 metric tons of
CO2 per acre per year to farmers who commit continuous conservation tillage for years 2006
through 2010 on specified acres. Eligible implements for this practice include, but are not
limited to: no-till drill, no-till and strip-till planters, rolling harrows, low disturbance liquid
manure injectors, anhydrous ammonia applicator, manure knife applicator, sub-soil ripper with at
least 24 inch shank spacing. Ineligible implements include but are not limited to: field
cultivators, tandem disk, offset disk, chisel plow, and moldboard plow. Additionally fallowed
acres are not eligible and no exchange soil offsets will be issued in years where burning or
residue removal occurs.
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Exchange soil offsets can also be issued for grassland pastures. XSOs will be issued to
producers who commit to maintain increases in soil carbon stocks realized as a result of grass
plantings that were undertaken on or after January 1, 1999. This grass must be maintained
through 2010 on the acres specified at the time of registration.
There are two zones for the grassland offset project (A- B). The zones are designated on
the map in Figure 6. Nebraska happens to be in Zone A. Zone A designates that Exchange Soil
Offsets will be earned at a rate of 1.0 metric tons of CO2 per acre per year. Zone B, on the other
hand, designates that Exchange soil offsets will be earned at a rate of 0.4 metric tons of CO2 per
acre per year.
There is also a program for maintaining sustainable rangeland. There are offset projects
available for land owners who commit to increase carbon stocks through sustainable
management of rangeland in approved geographic areas. The project requires a minimum 5 year
contractual commitment. Eligible rangeland is non-degraded and is managed to increase carbon
sequestration through grazing land management, that uses sustainable stocking rates and
rotational grazing. Additionally, there is a potential to receive more credits for restoration of
previously degraded rangeland initiated on or after January 1, 1999. The offset rates are issued
depending upon the project type and location. The rates vary from 0.12 to 0.52 metric tons of
CO2 per acre per year. The offset rate map for rangeland is shown in Figure 7. My particular
county does not qualify for this program.
Some livestock farmers are also starting to capitalize on the power of methane. Some
farmers are starting to install methane digesters. These digesters collect methane off of manure
through the use of microorganisms. This process produces methane that can be used as a gas to
burn for either heat or electricity.
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OLean Energy near Dodge, NE that has a methane digester for his 8,000 head hog
operation. The methane is then burned in an 80 KW generator to produce electricity. He utilizes
about 20% of the power produced for his hog operation and the rest is sold back onto the power
grid.
Not only does this system provide power from a feedstock (manure) that is already
available, but it is also eligible for carbon credits through the Chicago Climate Exchange. To
receive carbon credits, the methane project must have been activated after January 1, 1999 and
the project must demonstrate clear ownership rights of the emissions reductions from the burning
of methane. Since methane is a much more harmful greenhouse gas than is carbon dioxide,
offsets are issued at a rate of 21 metric tons of carbon dioxide per ton of methane combusted.
Methane collection projects that also include electricity generation may also qualify for
renewable energy emission offsets. The renewable energy default offset issuance rate for U.S.
projects is 0.4 metric tons per megawatt hour, the emission rate for a typical gas combined cycle
power plant.
For a methane digester, the project must be evaluated at least once per year by an
independent third-party verifier. At which time they will perform biogas flow measurements,
evaluate records, and procedures will be evaluated to ensure that they are within CCX protocols.
These CCX-approved verifiers provide independent third party review of project reports,
maintenance of project activity and attest to the accuracy of the data. CCX approves agricultural
methane providers if they meet specified financial and technical criteria.
As stated above, offset issuance rates are determined by the zone that you are a part of
and what type of practice you will be implementing. Additionally, an owner of an Exchange Soil
Offset Project may be issued additional XSOs if they can present evidence that actual increases
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in soil carbon exceed the rates set, provided such evidence is designated acceptable by the
Committee on Offsets.
Offset Aggregators are also utilized in this process. An Offset Aggregator is an entity
that serves as an administrative representative for several smaller carbon sequestration projects.
Offset projects that are less than 10,000 metric tons of CO2 equivalent per year should register
through an offset aggregator. A list of Offset Aggregators can be found on the Chicago Climate
Exchange website.
In additions to the requirements set above, all projects are required to have a third party
verify the projects. These verifiers will be designated by the CCX and shall conduct in-field
inspections of enrolled XSO projects. This will include field conditions, documentation of
project start dates and other records as specified by CCX.
There are many different ways that farmers can receive carbon credits for the work that
they are possibly already doing as a part of their conservation practices. This includes
conservation tillage for crop production, rotational grazing for rangeland, planting new
grasslands, or even producing your own power using a methane digester. This is just one more
way that farmers can help to get paid for what they do on a daily basis.

Example Farm
To illustrate the potential amount of carbon sequestered on a farm I have designed an
example. This example farm will be located in Boone County, Nebraska. This particular farmer
has 1,000 acres of cropland and an additional 320 acres of newly converted cropland to grass.
How many carbon credits would this farmer receive?
This farmer will be employing Best Management Practices (BMPs) to his cropland
situation. This will include using a continuous no-till cropping system which utilizes virtually no
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tillage equipment. This crop will be managed through the use of genetically modified crops and
herbicide treatments. The residue will be left behind as the source of soil carbon and cover the
soil.
The new grass pasture will be managed carefully by utilizing a rotational grazing system.
This grazing system will divide the pasture into eight 40 acre paddocks. These paddocks will be
grazed twice during the year to allow the grass for re-growth and limit the possibility for
overgrazing.
By effectively managing these acres, the farmer would receive 0.6 metric tons of CO2 per
acre per year. This is because the farmer is located in Zone A, in Boone County, Nebraska. The
farmer would also receive credits for the newly converted grassland at 1.0 metric tons of CO2 per
acre per year. Therefore, the total credits received from the cropland would be 600 metric tons
(=1,000 * 0.6). The total received from the grassland would be 320 metric tons (=320 * 1.0).
That brings the total to 920 metric tons of CO2 per year, which is the equivalent of 9 CFI
Contracts (100 metric tons of CO2). At current prices, this would be worth $5,520 (920 * $6) to
the farmer. This would work out to about $4/acre.
As you can see these projects are not big money makers for the farmers. With carbon,
now selling at $6/metric ton, the return per acre is pretty small. The key is remaining patient and
positioning for the future. As global warming becomes more and more of a concern, prices for
carbon sequestration will increase dramatically. This will become a crucial market if or when
cap and trade policies are implemented in the United States. United States agriculture is in a
great position to take advantage of these policies.
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Conclusion
You have seen throughout the course of this paper the importance of carbon
sequestration, what a cap-and-trade policy is, the ability for agriculture to help out, ways in
which the farmer can help out, and how offsets can be provided by the newly created Chicago
Climate Exchange (CCX).
Farmers have the opportunity to capitalize on the ability of agriculture to sequester
carbon by using practices that not only help to sequester carbon, but also help to make the land
more productive and efficient. Some of these practices include conservation tillage, installing a
methane digester, and converting cropland back to pasture. By performing these actions, we
have the opportunity to sequester 650 million metric tons of CO2 per year. This is offset 11% of
United States emissions annually! This is very significant.
By providing economic incentives for farmers to perform these practices by providing
carbon credits this can be accomplished. Then, these credits could be sold at a carbon market
such as the Chicago Climate Exchange. Farmers are always looking for a way to become more
profitable doing what they do best.
The environment is beginning be become a hot button among lawmakers and the
American public. The European Union already has a cap-and-trade system and its carbon credits
are for about $40/metric ton! Here in the United States, the same credits are only being sold for
about $6/metric ton because there is no cap-and-trade system. I believe that it is only a matter of
time before we have something similar to the European Union for a cap-and-trade system.
If this is to happen, the United States will see carbon trading at a higher price. Farmers
will be able to make money by “carbon farming.” Carbon farming is a reality. At this time, it is
not a huge money-maker, but these practices are good for production as well. Farmers have to
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ask themselves if the pay is worth all of the paperwork and field checks that will be required of
this system. They also might have to purchase new or different tools and equipment in order to
perform these practices. There is a lot of potential for agriculture to make a difference in the
world. This includes food, biofuels, and even carbon sequestration! This is an exciting time in
agriculture.
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Additional Information

Figure 1. The Carbon Cycle (Hobbish)

Recommended Agricultural
Practices and Soil Carbon
Recommended practices

C sequestration potential C sequestration potential
(Mg C/ha/yr)
(lbs/acre/yr)

Conservation tillage
Winter cover crop
Soil fertility management
Elimination of summer
fallow
Forages based rotation
Use of improved varieties
Organic amendments
Water table
management/irrigation

0.10-0.40
0.05-0.20
0.05-0.10
0.05-0.20

250
120
80
120

0.05-0.20
0.05-0.10
0.20-0.30
0.05-0.10

120
80
250
80

Lal et al., 1998

CCX = 0.5 metric tons CO2/acre/yr
0.25 metric tons C = 0.916 metric tons CO2

Figure 2. BMPs and Amount of Carbon Sequestered. (Lal)
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Economic Comparison for
M & K Farms
140
120
100
80
60
40
20
0
-20
-40

NO-TILL
CONV.

S

FUEL

MACH. LABOR OTHER TOTAL SAVINGS

Figure 3. Economic comparison of conventional vs. no-till on a farm in KS.
(Holle)

Figure 4. Chicago Climate Exchange Daily Price Report

-19-

VanDeWalle

Carbon Farming

Figure 5. CCX Conservation Tillage Soil Offset Map

Figure 6. CCX Permanent Grassland Soil Offset Map
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Figure 7. CCX Sustainable Rangeland Soil Offset Map

Figure 8. Example cap-and-trade system (Union of Concerned Scientists)
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Best Management Practices
From Purdue

Image 1. Conservation Tillage

Image 2. Grassed Waterways

Image 3. Contour Farming

Image 4. Cover Crops

Image 5. Terraces

Image 6. Wind Breaks
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